Abstract. We describe the current status of CATS, a publicly accessible database (web-server
Introduction
Vast amounts of astrophysical information are now being published, based on observations of small and large sky regions. Typically, this information includes coordinates of the observed objects and their physical characteristics in different wavelength ranges in the form of source catalogs. In fact, every new largescale observational experiment produces a new catalog of objects. Modern astrophysics operates with source parameters obtained in different spectral wavelength ranges with the goal of obtaining the most detailed understanding of physical properties and the processes of radiation of these objects. The ability of using different catalogs makes this problem considerably simpler.
Over the past decades several different attempts have been made to combine large numbers of astronomical catalogs and make them accessible in a unified way, which can be classified grossly into two categories: databases of objects and catalog browsers. Examples of the former are NED (Helou et al. 1990; Mazzarella et al. 2002) , Simbad (Egret 1983; Wenger et al. 2000) and LEDA (Paturel et al. 1997) . Examples of the latter are Vizier and AstroBrowser (http://heasarc.gsfc.nasa.gov/ab/).
Motivated by RATAN-600 observation requirements, problems of radio source study, and the underrepresentation of radio source catalogs in the then existing object databases, the present authors decided, in 1995, to create CATS, the Astrophysical CATalogues Support System. Following the radio astronomical needs, the architecture of operating system and the considerations expressed in the reviews by Andernach (1990 Andernach ( , 1994 Andernach ( , 1999 , we chose to design CATS as a catalog browser rather than an object database, given that it would allow us to achieve a much better completeness in number of records, implying e.g. a more complete coverage of radio source measurements over the entire radio frequency window. We thus deliberately delayed the known problem of cross-identification of all the catalogues, as provided in NED, SIMBAD, or LEDA, to a later stage. In that sense CATS is ideally suited for the experienced researcher who is looking for the largest amount of data available, but willing and able to work out the correct cross-identifications by himself. His effort will be compensated for by a better completeness of the data than that obtained from other existing object databases.
The first steps of the creation of CATS were described by Verkhodanov & Trushkin (1994 , 1995a , Verkhodanov et al. (1997 Verkhodanov et al. ( , 2000a and . CATS allows one to operate with catalogs stored in ASCII and FITS Binary tables, to fit radio continuum spectra and to calculate spectral indices obtained from different radio catalogs. This database is located at the server cats.sao.ru under OS Linux 
Implementation of the database
The present database consists of catalogs, their descriptions and corresponding programs operating under OS Unix. The program codes are created in the "C" algorithmic language and translated with the GNU project C compiler. The codes are freely shared, provided they are used for non-commercial goals. The scheme of the CATS database is shown in Fig. 1 .
New catalogs may be added to the system in conformity with the following rules: 1) every new catalog of objects should be placed in the UNIX directory with the same name as the catalog of objects;
2) the description of the catalog should also be placed in that directory;
3) the programs (or operating scripts) for local operations with the catalog of objects are also placed in the same directory; 4) brief characteristics, program names and description file of the astrophysical catalog are stored in the database of descriptions of catalogs named cats descr.
The following information is stored in the database of the catalog descriptions cats descr : the name of the catalog, which is coincident with the name of the UNIX directory, the type of the catalog (radio, optical, combined, etc.), frequency/wavelength range, minimum fluxes or magnitudes, equatorial or/and galactic coordinates, names of the local programs for the "select" and "match" functions (see below corresponding Section), the name of the document file, the number of records in the catalog, the size of the beam pattern or angular resolution, a recalibration factor (if available) to put the flux densities on a commonly agreed flux scale, and a reference. Parameters from the description file are used by the programs that process the input data. E.g., user-specified limits in coordinates and/or flux density inform the operating programs about the relevant sky zones to be searched, and thus economize on processing time if a given catalog is out of the required range. Whenever a certain catalog column is empty for a given object, a symbol 'n' is returned to the output for the corresponding column, and considered as an 'empty' or 'unknown' value. This symbol is acceptable for the program operating with this database.
The lower level of the CATS control system includes several basic utilities:
• c sel selects objects with parameters from the given ranges;
• c match looks for objects falling within a certain coordinate error box;
• cats divide operates with sorted catalogs by right ascension and produces an index of record numbers corresponding to a certain right ascension;
• epoch calculates equinox and epoch. The epoch is calculated when a given one is different from 1-Jan-2000 or 1-Jan-1950 1 , else the equinox is calculated; The catalog is stored in initial equinox haw it was prepared, and object coordinates are calculated in to that equinox;
• cats base controls the database of descriptions cats descr and produces input parameters for the programs c sel and c match.
For catalogs in FITS Binary table format (e.g., NVSS or SDSS catalogs), special programs for the 'select' and 'match' functions were prepared.
To organize access of a local user of CATS from any directory of the OS, the operation programs that process the main CATS tasks are placed in a commonly accessible directory of the OS UNIX. The control procedures cats sel and cats match, organized as shell-scripts, cover all the low-level programs and provide the interface between CATS and a local user, or requests made via HTTP or e-mail. The described method of the catalog storage facilitates the database development, its expansion with new data and the possibility to tune the supporting programs.
CATS has its own indexing procedure cats divide for object coordinates in a catalog. The program decides on where to start searching records of the input catalog from an index prepared from a rightascension sorted list. It allows one to make efficient use of hard-disk seeking functions. To avoid the problems of searching within a few degrees at the poles when recalculation from one equinox to another one is done, we process total list of objects in these zones to find a required source. The indexing of CATS lists by declination is now under consideration.
The main functions
The following functions are currently implemented in CATS:
1. Selection of objects from one or several catalogs by the main parameters: equatorial or galactic coordinates, flux densities, spectral indices, frequencies, names, and (for some catalogs) the type of objects. Parameters common to all catalogs (coordinates and flux density) are used in selection.
2. Search for counterparts of objects (selected from one or several catalogs) by coordinate matching within the error box, circle, or ellipse. 3. Cross-identification of different catalogs. This procedure is currently available only for local users. It uses the output from the selected zones of one catalog as input for the matching procedure on another catalog.
4. Preparation of receipt with a short description and characteristics of each catalog, printing of the total list of catalogs for the required sky areas (for local user).
5. Drawing radio spectra of selected sources. This can be done from multi-frequency catalogs, or catalogs prepared by the CATS team from cross-identification of radio catalogs at different frequencies, or even by individual user input of frequencies and flux densities for a source (at cats.sao.ru/∼satr/SP/spectrum.html). This function is realized in two procedures. The first one is a Javascript for homogenized CATS data format for single objects accessible from the web page. The second one is in the local data processing system FADPS for object lists.
The result of the object selection is a datafile sorted according to different object characteristics (right ascension (default mode), declination or frequency). This file can either be displayed on the standard output or sent to the user in the following formats:
1. The "native" (original) format of the catalog (i.e. columns as published); for guidance of the user a header with a very brief column description is added for each catalog that yielded output records.
2. Standard ("homogenized") output format. This format is organized to be common for all the catalogs and used later for unification of data, preparation of spectra and statistical analysis. The standard FITS Table format describing data and fields of the table may be added as a header of the resulting file.
The result may then be used for subsequent investigation of the radio source spectra or statistical properties of objetcs in a flexible astronomical data proccessing system FADPS (Verkhodanov 1997) or, e.g. for the selection of distant objects in combination with redshift and age estimation with the system "Evolution of radio galaxies" (Verkhodanov et al. 2000b ).
Access to CATS
Different modes of access are provided according to user requirements and CATS goals, following modern trends of software development. Thus, three main modes of on-line access to the CATS database have been prepared: 1. Dialogue mode (non-graphics) has been maintained until the present. Several scripts written in the UNIX shell language have been created (Verkhodanov & Trushkin 1994) . They permit one to operate with the database supporting programs via TCP/IP and NFS protocols in the local computer network.
2. Hypertext access (http://cats.sao.ru) is provided to allow a user from the Internet system to operate with the database CATS via hypertext transfer protocol. It allows one to execute all described operations from the Web-page.
3. ftp access (ftp://cats.sao.ru) allows a user to obtain both the description of CATS catalogs and the catalogs themselves. Here is an example of access by anonymous FTP to the catalog WISH: anonymous@ftp://cats.sao.ru ftp> bin ftp> cd WISH ftp> get wish11.cat ftp> bye
All the catalog names are stored in the file of descriptions cats descr (ftp://cats.sao.ru/cats descr).
4. e-mail access allows the user to send batch requests to CATS. One can send an e-mail with requests of matching with lists or selection by several parameters. The e-mail will be read automatically and sent for execution to the CATS scripts. The result will be sent back automatically to the user via e-mail.
'Select' and 'match' procedures Two main procedures of data selection have been provided at different levels of the CATS control. They are the select and match tasks. They follow the first three main functions described above and are realized in different access modes. As was described earlier, the two low-level procedures c sel and c match provide information according to the corresponding user requests and pass it to the upper-level control scripts cats sel and cats match.
Using these two procedures the crossidentification of catalogs is possible by using the output from the 'select'-function of the first complete catalog as the input of the 'match'-function of the second catalog or catalogs.
E-mail access
In order to economize on the user's real time and avoid the delays in on-line data exchange, we provide a possibility to submit a batch task in the form of an e-mail letter.
The e-mail requests may have several formats (as explained in a file that is returned on an empty email to cats@sao.ru, with no subject). Two examples of the body of an e-mail (no subject required) are shown below.
• selection task: mail -s "" cats@sao.ru cats select ra min=10:30 max=10:40:00. dec > 10' < 12' 30" flux > 0.5mJy catalogs r equinox=1950 cats end These examples demonstrate the use of some keywords for batch requests (see the results of these requests in Tables 1 and 2 ). The beginning and the end of the request are defined by the statements: cats start and cats end. The first example shows how to search within certain limits of coordinates by using the (min, max) or (<, >) operators for right ascension (ra) and declination (dec). The keywords expression 'catalogs r' sets the type of catalogs to be used for selection, where 'r' means all the radio catalogs. Instead of 'r', one may choose 'o' for the optical catalogs, 'x' for the X-ray ones, 'ir' for the infrared ones, or just the names of used lists separated with comma (e.g. 'catalogs NVSS,FIRST,WISH') 2 . The keyword epoch sets the equinox of the input coordinates. 'Flux' sets flux limits.
The second example of the e-mail task is the matching procedure. There are some additional keywords 'window box x=30 ′′ y=10 ′ ', where 'Vbox' is the type of matching window (others are 'circle' and 'ellipse'), 'x' and 'y' are horizontal and vertical coordinate directions, respectively. Note that x and y are half the side lengths of the search box, the value following the circle keyword is its radius, and those following the ellipse keyword are the semi-major and semi-minor axes of the ellipse. For the moment no 
0005Jy 1000000Jy #-------------------------------------------# cat
name RA eRA Dec eDec freq Flux(Jy) eFl equi. 
#-----------------------------------------------------------------------------------------

41e-04 B #----------------------------------------------------------------#The catalogue identifications listed are related to the following references: #----------------------------------------------------------------
.dist," pa,# ------------------------------------------------------------------------------------------------- #OBJECT:
#@-------------------------------------------
#The catalogue identifications listed are related to the following references: position angle (PA) of the search ellipse may be given, and PA = 0
• is assumed (i.e. semi-major axis along the N-S direction). The keyword 'sources:' shows that the following records separated by a newline code are source coordinates to be used for the matching procedure. Each record contains the name of an object, its equatorial coordinates (R.A. and Dec.) and the corresponding equinox.
Keywords in the batch request may be separated by a space, a tabulation or newline character.
The full information about the keywords and formats can be requested with an empty e-mail to the address cats@sao.ru (no subject required).
Results of these two sample requests are shown in Tables 1 and 2 .
The main catalogs
The major source of radio catalogs of CATS is the collection of one of us (Andernach 1990 (Andernach , 1999 , who has spent large efforts to recover older source lists not previously available in electronic form, using a scanner and optical character recognition software. This collection is complemented in several ways: contributions from authors, astro-ph preprints, tables from electronic journals and the CDS catalog archive, as well as occasional manual retyping of the original catalog. About 70 catalogs have been typed and/or corrected manually at SAO RAS by S.Trushkin. The largest catalogs (e.g. NVSS, FIRST, SDSS, etc.) were copied from Web-sites of the catalog authors.
CATS is mainly a radio-astronomical database. All major catalogs incorporated into CATS are shown in Tables 3 and 4 (adapted and updated from Table 1 of Andernach 1999). Names of catalogs contained in CATS with corresponding references are presented in Appendix.
CATS also contains observational and combined catalogs of Galactic supernova remnants (e.g., Trushkin et al. 1987; Trushkin 1996) , secondary tables with objects selected by spectral index (Chambers et al. 1996; Röttgering et al. 1994; De Breuck et al. 2000) , variability or AGN properties (Kovalev et al. 1999 (Kovalev et al. , 2000 . Also the database includes source catalogs obtained from cross-identifications performed within CATS (IRAS-TXS: Trushkin & Verkhodanov (1995) and ; UTR ID: Verkhodanov et al. (2000c Verkhodanov et al. ( , 2003 ; WMAP: Trushkin (2004) ).
Examples of some typical tasks
• Extraction of a sample of steep-spectrum radio sources from the FIRST catalog. To execute this task, one may use the FIRST (1400 MHz) and Texas (365 MHz) catalogs selection in a given zone. The FIRST and Texas catalogs have a flux density limit of about 1 and 150 mJy, respectively. A cross-matching of objects in any sky zone where these two catalogs overlap will return sources with the required properties. Thus, we prepare 2 requests: (1) select all objects from a given zone in the FIRST catalog with the 'select'-function, (2) using the list of FIRST sources obtained in (1) we crossidentify selected objects with the Texas data with the 'match'-function. The resulting list can be used to finish the required selection in the given zone.
• Identification of objects with optical catalogs in CATS. Open the CATS web page with optical catalogs, and provide the input list of objects. Alternatively, select 'catalogs o' in your e-mail request, provide a list of objects of interest, and send the request.
Summary
CATS provides a simple and convenient access to astrophysical data and complements the data available from other services, most notably for radio continuum flux densities, for which it is the largest database in existence. Operation with the database permit astronomers to search for peculiar objects and study physical processes in sources of cosmic radiation.
Until October 2004, we registered over 28000 requests for the 'select' or 'match' procedures, which CATS is being expanded continuously and presently comprises more than 400 catalogs including all the RATAN-600 catalogs. The database in its present form occupies about 60 Gb of disk space.
